Methods Twenty-seven patients undergoing diagnostic cardiac catheterization participated in this study. Thirteen patients had ischemic heart disease, four aortic stenosis and one congestive cardiomyopathy; nine patients with atypical chest pain had no discernible heart disease and were considered normal. Five of the ischemic heart disease patients had ECG evidence of old myocardial infarction. All patients gave informed consent. 17 In five patients, ESV could not be determined owing to poor visualization of the end-systolic frames. When fluid-filled catheters were used, EDV in the three opacified beats and LVEDP in the last recorded respiratory cycle were averaged. With catheter-tip manometers, volumes were measured frame by frame, beginning at the frame corresponding to the lowest pressure in early diastole (the nadir of diastolic pressure) and ending with the enddiastolic frame at the peak of the ECG R wave; all frames with inadequate opacification of the left ventricular cavity were omitted. Heart rate (HR) was calculated from the average cardiac cycle length of the opacified beats during cineventriculography. In five patients, HR data could not be retrieved as the recording paper was inadvertently cut for the pressure measurements. LV systolic pressure (LVSP) immediately preceding ventriculography was measured in only 12 patients. LV volume-pressure data were analyzed by fitting to a first-order exponential function"8: P = bekv, where P = pressure in mm Hg, b = data constant Abbreviations: HR = heart rate; LVEDP left ventricular end-diastolic pressure; EDV = end-diastolic volume; ESV = end-systolic volume; EF = ejection fraction; n = number of subjects in whom paired observations were made; R = rest; E = plasma volume expansion. (pressure intercept) in mm Hg, e = base of natural log, V = volume in ml, and k = constant of the exponential function in m['. Similar analysis was done after volumes were expressed as ml/M2.
Eight other patients who were not subjected to plasma volume expansion are also included in this study. These patients underwent resting cineventriculography with catheter-tip manometers in a similar fashion to the other patients. These patients were included to compare exponential curves derived from volume-pressure data at rest with exponential curves derived from a wider range of diastolic volume-pressure values after plasma volume expansion.
One patient developed shortness of breath within 3-4 minutes of ventriculography after plasma volume expansion. Symptoms responded promptly to sublingual nitroglycerin and i.v. furosemide.
Statistics
The Figure 1 , an example of the primary data from which diastolic volume-pressure analysis was subsequently done, shows the study of a normal patient who had a left cineventriculogram at rest and three ventriculograms at progressively higher EDPs during plasma volume expansion. Pressures were recorded by catheter-tip manometer. Respiratory variations in diastolic pressure are evident. Volume-pressure data from early diastole -between the nadir of diastolic pressure and the onset of diastasis atrial systole and end-diastole, were superimposable with volumepressure data obtained from the diastasis (fig. 2) . Figure 3 shows volume-pressure curves constructed from data derived from the entire diastole by cathetertip manometer in seven patients. Panels 1, 2, 4 and 5 are data from normal subjects; panel 3 shows data from a patient with aortic stenosis, panel 6 from a patient with old myocardial infarction and panel 7 from a patient with cardiomyopathy. In five patients, diastolic volume reached a limit, beyond which it did not enlarge despite further elevation of diastolic pressure. In one patient no limit was evident for diastolic pressure rising to 25 mm Hg. In another patient, a wide scatter of the data, caused mostly by respiratory variations in pressure, obscured the actual limit.
Diastolic volume-pressure curves were also constructed from end-diastolic volume-pressure data alone in 12 patients subjected to multiple left cineventriculograms at progressively increasing LVEDPs during plasma volume expansion (fig. 4) . It was inversely related to both resting EDV (r. = -1.00) and maximal EDV after plasma volume expansion (r8 = -1.00). When volumes were expressed as ml/m2 body surface area, k was larger (0.02-0.07 X ml-1), but still dependent on EDV/m2 (r, = -0.93). The exponential constant k obtained from volumepressure data of the entire diastole of a single ventriculogram in eight patients not subjected to plasma volume expansion correlated with EDV (r. = -0.90) and was remarkably similar to the exponential constants obtained from a wider range of volume-pressure data during plasma volume expansion ( fig. 5 ). Ex-* ponential constants derived from three to five volumepressure points, using fluid-filled catheters, correlated . Volume-pressure data in seven patients subjected to plasma volume expansion. Pressure was measured by catheter-tip monometer. The abscissa shows diastolic volume (ml) not divided by body surface area; the ordinate shows diastolic pressure (mm Hg). capacity is used in the resting state and supine position and 16 ml/M2 remain as "diastolic reserve." Increasing diastolic reserve by plasma volume expansion will also increase end-systolic volume by 5 ml/m2 because of a concomitant increase in systolic pressure. Therefore, the net diastolic reserve is only 11 ml/M2. 
